An audit of 97 intrahospital transports of critically ill patients was undertaken within Westmead Hospital. The aims of this audit were to assess all factors that may lead to problems during intrahospital transports. At the completion of a transport medical staff were asked to provide information about their patient and their treatment, as well as any difficulties they may have encountered. Overall, 62% of transports reported some difficulty or complication. Of these, 31% were patient-related and 45% were related to equipment or the transport environment. (15% encountered problems in both areas). Many of the difficulties were preventable with adequate pre-transport communication and planning. Other problems were directly related to the increased severity of illness in these patients.
Intrahospital transport of the critically ill patient is a difficult but essential part of critical care patient management. Further, such intrahospital transport is hazardous due to the patient's physiological instability and the logistic problems encountered. Previous studies of transports within hospitals have reported complication rates of between 40 and 60% 1, 2 . Other studies from Australia have emphasized the role of simple practical difficulties in the development of critical incidents 3 . Such critical transport incidents had not been previously systematically evaluated at Westmead Hospital. A prospective audit was commenced to assess those factors, either practical or pathophysiological, which may precipitate a difficult or hazardous transport episode.
PATIENTS AND METHODS
Westmead Hospital is a 750 bed, tertiary referral centre with a 16 bed ICU and additional 66 bed high dependency ward areas for medical and surgical patients. Both the Emergency Department (ED) and Intensive Care Unit (ICU) have a heavy trauma and neurosurgical caseload.
A prospective audit of the intrahospital transport of critically ill patients was conducted between the period of May 1997 and January 1998. A patient transport was defined as: any transfer involving critically ill patients, which required the presence of specialty trained medical personnel. All patients managed during the audit period were eligible for inclusion in the study. The medical personnel transporting the patient were asked to complete an audit form, which detailed age, sex, diagnosis at time of transfer, ongoing treatment and the specialty and level of experience of the medical staff completing the transport. They were requested to report details of any difficulties or complications during these transports.
A transport-related problem or complication was broadly defined as: any event (expected or unexpected), that impacted adversely on the patient's stability. This was further divided into (1) patient and (2) equipment related complications. Patient-related complications were defined as: any difficulty or complication, related directly to the patient's pathophysiology. Equipment-related problems included not only equipment used for the transport but also environmental factors that could result in patient instability. To assess the overall severity of illness in these patients, an APACHE II score was calculated in those patients who spent 24 hours or greater in the ICU. The medical personnel involved in the transport completed the audit forms at the end of the transport.
RESULTS
A total of 97 patient transports were included in the audit during the nine-month period. This involved 76 patients, with 16 patients having one or more transport episodes. Two patients had four transport episodes and one patient underwent three transport episodes.
The average age of patients transported was 47.6 years. The youngest patient was 16 years and the oldest 88 years. Males accounted for 60.5% of the patient transports.
Fifty-two patients (54%) were already in ICU prior to their transport. Thirty-nine patients (40%) came from the Emergency Department, Radiology/CT scan: 3 patients (3%), Radiology/angiography: 2 patients (2%) and operating theatres/recovery: 1 patient (1%).
The CT scanner was the most common transport destination with 80 patients (83%). Other destinations were the angiography suite: 11 patients (11%), operating theatres: 3 patients (3%), ICU: 2 patients (2%) and the radiology department (plain X-ray): 1 patient (1%). Table 1 .
Diagnosis at the time of transport is detailed in
Patients in the ICU for more than 24 hours had APACHE II scores calculated: average 18.9, range 6 to 32. Urgent transports, defined as any transfer where clinical findings indicated that the procedure needed to be completed within the hour, occurred in 65 patients (67%) and elective transports 32 patients (33%).
Overall the majority of transports (71 patients, 70%) were carried out by medical staff at registrar level (Anaesthetics/ICU/Emergency Medicine). Senior registrars transported 27 patients (26%). Resident medical staff transported three patients (3%) and consultant medical staff transported only one patient (1%). On five occasions there were more than one medical staff accompanying the patient.
Anaesthetic staff transported the majority of patients: 88 (86%). ICU staff transported eight patients (8%), emergency medicine staff transported five patients (5%) and surgical staff only one patient (1%).
The details of the monitoring for transport to and from, and then during the actual procedure, are as shown in Table 2 .
During transport to and from the destination, manual ventilation with a self-inflating bag was the predominant ventilatory mode used with 94 patients (97%).
The majority of patients (94 patients; 93%) were ventilated during the actual procedure with an Ulco Mark 5 ventilator (Ulco Engineering Pty Ltd, Marrickville, N.S.W., Australia). Four patients received manual ventilation with a self-inflating bag during both the transport and the procedure. Two patients were ventilated using a Dräger Oxylog ventilator (North American Dräger, Telford, PA) during both transport and the procedure. One patient remained self-ventilating throughout via a tracheostomy.
Fifty patients (52%) were put on an FiO 2 of 0.5 or greater prior to their transportation. Details of medications and infusions during the transport episode are listed in Table 3 .
Transport Problems/Complications
Problems (minor or major) were encountered in 60 of the 97 transport episodes (62%). Thirty patients (31%) had problems related to patient factors and 44 patients (45%) had problems directly related to equipment and the transport environment. Five patients (5%) had problems with delays, before or during the transport, related to obtaining ancillary staff to assist with the transfer. In 15% of cases there were difficulties encountered in both categories. One patient with trauma died in the CT scanner.
Patient-related problems are listed in Table 4 and equipment-related problems are shown in Table 5 .
Patient diagnosis at the time of transfer was not helpful in predicting transport difficulties. However, patients with trauma experienced more difficulties with 14 out of 21 having problems. There was no difference between the emergency and elective transfer of patients in the incidence of problems. Patients on inotropic support also experienced more difficulties with 11 of 15 (73%) having some problem. Of these difficulties, the majority (10 of 15), were equipmentrelated.
DISCUSSION
This audit reinforced a clinical hypothesis that "intrahospital" transport of critically ill patients is difficult and hazardous. Many of the difficulties encountered appeared to be preventable with pretransport planning and improved communication.
The transport episodes reported are a representative sample of the total transports undertaken during this period. The total number of patient transports between departments during the audit period is not available. As such, this audit was not intended to include all transports, but to highlight the particular difficulties encountered during intrahospital transports.
The Australian and New Zealand College of Anaesthetists and Faculty of Intensive Care (ANZCA/FICANZCA) Policy Statement PS 39, 2000 "Intrahospital Transport of Critically Ill Patients" deals with many of the specific difficulties encountered in this study 4 .
Pre-Transport Planning and Co-ordination
Communication problems were a significant contributor to the difficulties encountered during this INTRAHOSPITAL TRANSPORT OF CRITICALLY ILL PATIENTS audit. Five patients had unnecessary delays away from the ICU due to problems with ancillary staff availability. None of these delays however, was assessed to have contributed to morbidity in these patients. There were also delays directly attributable to poor communication between the ICU, Emergency and the Radiology Departments (CT scan). One study found that 30% of patients involved in intrahospital transports had delays at the destination, and of these, 50% had mishaps during that transport 1 . The ANZCA/FFICANZCA policy statement now addresses this issue, in particular, the need for communication with the transport destination and ancillary staff 4 .
Personnel Used For Transport
The level of experience and specialty of the transporting doctor are likely to be factors in the safe transport of patients within the hospital. However, this audit found that neither seniority, nor primary specialty of the medical staff was associated with any difference in the incidence of difficulties.
This may arise from the fact that staff involved with intrahospital transports are generally "screened" by senior staff. This may also be a factor in the distribution of specialties performing these transports. Anaesthetic staff performed the vast majority of transports in this audit, with intensive care staff and emergency staff making up a smaller percentage.
The Australian Incident Monitoring Study (AIMS) is a voluntary survey looking at critical incidents involving anaesthesia and intensive care 3 . AIMS data suggest that 83% of reported critical incidents involved elements of human error. "Knowledgebased errors" contributed directly to about one quarter of the reported incidents. The outcome in one third of incidents was also likely to have been minimized by prior experience or awareness of the potential problems 5 . The ANZCA/FFICANZCA policy statement emphasizes the need for appropriately trained medical staff, skilled in those emergency procedures that may be necessary during a transport 4 . Despite this, our audit did not report any difficulties that might indicate lack of experience as a causative factor (i.e., failure to intubate or failure to recognize severity of illness).
Monitoring
Monitoring is one of the major determinants of safety during transport of the critically ill. This audit showed that there was a high use of so-called "routine monitoring" (i.e., ECG 96%, pulse oximetry 100%, and blood pressure measurement 71%). Other monitors were used less frequently, depending on the clinical situation and the preference of the transporting personnel. Complications such as circuit disconnection, self-inflating bag malfunction and oxygen cylinders running out were all reported. These incidents emphasized the need for adequate and reliable monitoring. The ANZCA/FICANZCA recommendations emphasize the crucial role of monitoring in the safe transport of the critically ill patient 4 .
Pulse oximetry is extremely useful as a mobile monitor for the detection of changes in arterial oxygen saturation 6 . The use of pulse oximetry was universal during this audit. This does not however, highlight practical difficulties in its use during transports, such as movement artefact and poor peripheral perfusion. AIMS data suggest that half of the critical incidents that were first detected by monitors were detected by pulse oximetry. It was the monitor most likely to detect endobronchial intubation, circuit disconnection, circuit leak, severe shunt, oesophageal intubation and other critical incidents 7 .
Tachyarhythmias, bradycardia and one episode of ST-segment myocardial ischaemic changes were reported during this audit. AIMS data suggest that ECG alone would detect 55% of critical incidents. However, had these incidents been allowed to evolve, it could not be assumed that they would have been detected prior to the onset of organ damage 8 . In contrast, the combination of pulse oximetry, capnography, blood pressure measurement and FiO 2 monitors detected 95% of monitor detected incidents. The addition of ECG monitoring would increase this yield by less than 0.5% 9 . Therefore, while ECG is preferred for detection of myocardial ischaemia, complex dysrhythmias or myocardial conduction abnormalities, it is a poor first line monitor 9 .
A significant percentage of patients during this audit were reported to have hypertension (10%) or hypotension (6%). AIMS data suggest that where reliable detection of blood pressure is crucial, then invasive blood pressure measurement should be the mode of choice 10 .
The standard mode of ventilation during transport was manual ventilation using a self-inflating bag (97%). Previous studies looking at the physiological effect of ventilation during transport have demonstrated the deleterious effects of manual ventilation 11 .
End-tidal CO 2 monitoring was used in approximately 50% of patients. Problems with circuit disconnection occurred during this audit. There are studies measuring arterial PCO 2 , pre-and post-transport, looking at the adverse effects of transport on M. A. LOVELL, M. Y. MUDALIAR, P. L. KLINEBERG oxygenation and ventilation 11,12. AIMS data suggest that capnography is second to pulse oximetry in the detection of monitor-detected incidents, especially for oesophageal intubation or circuit disconnection 13 . This audit also reported episodes of increased airway pressure, blockage due to secretion and circuit disconnection. Monitoring with pulse oximetry, capnography and airway pressure monitors will detect the majority of airway difficulties 13 .
Monitoring of intracranial pressure (ICP) occurred in 16% of patients. Arterial hypotension and hypoxia have been shown to significantly increase the risk of secondary brain injury 14 . Secondary brain injury may occur during intrahospital transports, especially in those patients who have a greater severity of injury prior to the transport 15 . Measurement of ICP allows continuous measurement of cerebral perfusion pressure (CPP) and manipulation of inotropes, ventilation and sedation to achieve adequate cerebral perfusion.
Equipment
Equipment misuse or malfunction contributes significantly to the difficulties associated with intrahospital transports. This audit found that 45 of 97 transports (46%) encountered equipment difficulties. These ranged from circuit disconnection, leaking selfinflating resuscitation bags to oxygen cylinders emptying. Other difficulties included monitor and pump battery failures, lack of suction and lack of power outlets. The significant problem of equipment malfunction is highlighted in studies that show a 30% incidence of mishaps, the majority being equipment related 1 . The AIMS database has shown that 9% of all incidents reported were assessed to have been "pure" equipment failure and of these, 55% were potentially life-threatening 16 .
Significant difficulties were encountered with IV poles used to carry infusion pumps, with 20% of transports reporting difficulties. Purpose-built transport units are now an established part of transport between hospitals and are likely to be of benefit for intrahospital transport.
A self-inflating resuscitation bag is recommended if manual ventilation is used, rather than an anaesthetic circuit such as a Mapleson B or modified T-piece circuit. This bag allows continued ventilation with the failure of fresh gas flow. There were a number of reports of battery failure and oxygen cylinders running out during transports. To prevent these occurrences there is a place for formalized pre-transport checklists.
Medications
Difficulties related to medications and infusions were a small but significant problem. These included medications running out and difficulties with the delivery of medications via infusion pumps. None of these difficulties were reported to have resulted in patient morbidity. Potential causes for these problems include urgent transports with minimum time for preparation, multiple infusion pumps and transporting medical and nursing staff being unfamiliar with the patient. The presence of inotropic medications appeared to increase the likelihood of problems with 11 of 15 patients (73%) on inotropic support experiencing some difficulty. This may indicate an increased severity of illness, rather than inotropic support being an independent risk factor for difficulties.
Intravenous line entanglement also increased the likelihood of medication error. This "mass tangle of lines" increases the potential for medication error. Colour coding and labelling of lines has been suggested to avoid such errors 17 .
The FiO 2 used for transport varied significantly during this audit. Fifty patients (52%) were transported with an FiO 2 >0.5. This may reflect the practice of placing a patient on an FiO 2 of 1.0 for transport. Despite these precautions, five patients were reported to have had episodes of desaturation.
There were other areas of concern not specifically addressed by this audit. Fitness for transport is a major factor in the safety of any transport. The APACHE II scores obtained from the ICU patients indicated that this was a high-risk population. (Scores ranged from 6 to 32.) Patients with APACHE II scores of greater than 20 have a predicted mortality of 40% and scores higher than 29 have a mortality of 50% 18 . Ultimately the decision to transport, within hospital, is a balance between clinical status and the urgency of the procedure. Careful consideration must always be given to the absolute need for the movement from the ICU. Studies of transports from ICU have paradoxically shown that elective transports are associated with a higher incidence of mishaps 1 . Other studies have shown that in 61% and 76% of cases, the results of the diagnostic procedures did not alter the patients' management 2, 19 .
In conclusion, the completion of this audit has provided data regarding the difficulties encountered with intrahospital transports at our institution. With the information obtained from this prospective audit we have formulated a protocol for intrahospital transports. As a result of the implementation of this protocol, it is anticipated that many of the INTRAHOSPITAL TRANSPORT OF CRITICALLY ILL PATIENTS preventable or unnecessary difficulties will be avoided. A second audit will be undertaken to determine whether the protocol was useful in decreasing the incidence of intrahospital transport problems.
